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(54) GAS DIFFUSION ELECTRODE MATERIAL, PROCESS FOR PRODUCING THE SAME, AND 
PROCESS FOR PRODUCING GAS DIFFUSION ELECTRODE 



(57) A reaction layer material for a gas diffusion 
electrode and a production process therefor, which is 
obtained by mixing a polytetrafluoroethylene dispersion 
with a surfactant-containing aqueous solution contain- 
ing hydrophilic fine particles and a hydrophobic carbon 
black, each dispersed therein satisfying the relation- 
ships: 0.5 < D < 2 and r s < 2r p , wherein D = r^p , r s 
represents the average particle diameter of the 
hydrophilic fine particles dispersed in the surfactant- 
containing aqueous solution, r c represents the average 
particle diameter of the hydrophobic carbon black dis- 
persed in the surfactant-containing aqueous solution, 
and r p represents the average particle diameter of poly- 
tetrafluoroethylene fine particles in the polytetrafluor- 
oethylene dispersion to be used; and then adding a self- 
organizing agent to the mixture and mixing therewith. A 
jet mill is used for dispersing the hydrophobic carbon 
black. The liquid obtained by adding and mixing the self- 
organizing agent is spray-dried or is applied by spray- 
ing. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a material 5 
for a gas diffusion electrode for use in electrolysis of 
alkali chloride solutions or in fuel cells, etc., a process 
for producing the same, and a process for producing a 
gas diffusion electrode. 

10 

BACKGROUND ART 

[0002] A gas diffusion electrode generally has a 
structure comprising a gas feed layer and a reaction 
layer, and applications thereof include fuel cells, the 15 
. electrolysis of alkali chloride solutions, etc. 
[0003] In the electrolysis of an alkali chloride solu- 
tion by the ion-exchange membrane method, a gas dif- 
fusion electrode is used as an oxygen cathode. 
[0004] . Electrolysis by the ion-exchange membrane . 20 
method is usually conducted in an electrolytic cell parti- 
tioned into an anode chamber and a cathode chamber 
with an ion-exchange membrane -which is a cation- 
exchange membrane. In this electrolytic cell, the anode 
chamber having an anode contains an aqueous sodium 25 
chloride solution, while the cathode chamber having a 
cathode contains ,an aqueous caustic soda solution. 
Among such cells, electrolytic cells of the type employ- 
ing a gas diffusion electrode as the cathode have a 
structure whose cathode part comprises: a catholyte 30 
chamber ranging from an ion-exchange membrane to 
the gas diffusion electrode and containing an aqueous 
caustic soda solution; the gas diffusion electrode, which 
comprises a reaction layer and a gas feed layer; and an 
oxygen gas chamber. 35 
[0005] Electrolytic cells having such constitution 
have an advantage that when a current is permitted to 
flow through the two electrodes, i.e., the anode and the 
gas diffusion electrode of the cathode part, to conduct 
electrolysis, then an oxygen-reducing reaction takes 40 
place on the gas diffusion electrode to elevate the cath- 
ode potential and, as a result, the electrolytic voltage is 
considerably reduced. 

[0006] Gas diffusion electrodes generally have a 
structure comprising a reaction layer and a gas feed 45 
layer. In the case of producing a gas diffusion electrode 
having a reaction layer comprising fine silver particles, a 
hydrophobic carbon black, and polytetrafluoroethylene 
(hereinafter sometimes referred to as "PTFE"), the 
hydrophobic carbon black used for this gas diffusion so 
electrode has particle sizes of from 20 to 300 urn due to : 
secondary aggregation, although the diameters of the 
primary particles are about 0.05 u.m. 
[0007] , In producing a high-performance electrode, 
a technique is used in which a carbon black having a 55 
reduced particle size is employed to thereby form a 
larger amount of three-phase zone interfaces. 
[0008] Incidently, in a conventional process, the 



reaction layer of a gas diffusion electrode has been pro- 
duced by dispersing a hydrophilic carbon black with the 
aid of a surfactant, mixing a PJFE dispersion therewith, 
freezing the resultant mixture, dispersing a hydrophobic 
carbon black with the aid of a surfactant, mixing a PTFE 
dispersion therewith, freezing the resultant mixture, 
thawing the two frozen mixtures, and mixing the thawed 
mixtures together. In this process, the carbon blacks 
and the PTFE dispersion undergo aggregation through 
the freezing and thawing operations to thereby form 
hydrophilic aggregates and hydrophobic aggregates. 
The two kinds of aggregates are mixed together to 
obtain a mixture of fine hydrophilic parts and fine hydro- 
phobic parts which serves as a reaction layer material. 
[0009] However, since such a conventional process 
for producing the reaction layer of a gas diffusion elec- 
trode requires a prolonged time period for the freezing 
and thawing operations for aggregating a PTFE disper- 
sion, etc., the electrode production cast is high. In addi- 
tion, the mixture of hydrophilic parts and hydrophobic 
parts is not always in a desirable state from the stand- 
point of obtaining electrodes having satisfactory per- 
formance. There has further been a problem that control 
is difficult. 

[001 0] In this process for producing a gas diffusion 
electrode, the hydrophobic carbon black has been dis- 
persed to about several micrometers in the aqueous 
solution containing a surfactant even though it has 
undergone a dispersion treatment. With this dispersion 
is mixed a PTFE dispersion having an average particle 
diameter of 0.3 urn. From the resultant mixture, a reac- 
tion layer is produced through aggregation, filtration, 
sheet formation, etc. As long as the hydrophobic carbon 
black has been dispersed to an average particle diame- 
ter of about several micrometers, practically sufficient 
performance and reproducibility are secured. Although 
ultrasonic dispersion is the simplest and excellent tech- 
nique for dispersing the hydrophobic carbon black, it 
has been difficult to obtain an average particle diameter 
of 1 urn or smaller because of the operation. 
[001 1 ] Consequently, there has been a desire for a 
gas diffusion electrode production process in which the 
production is accomplished through simplified steps in a 
reduced time period and by which the reaction layer of a 
gas diffusion electrode having .a high oxygen -reducing 
ability can be produced. 

[0012] In producing a gas diffusion electrode, a 
hydrophobe carbon black is first dispersed in an aque- 
ous solution containing a surfactant as described 
above. Although ultrasonic dispersion generally 
employed as a dispersion technique has been used for 
dispersing.the hydrophobic carbon black in the aqueous 
solution containing a surfactant so as to reduce the car- 
bon black to primary particles, this technique has a 
drawback that the result is a widened particle size distri- 
bution of from 0.5 to 50 ujti. 

[0013] Another drawback of the technique 
described above is that the dispersion cost is high 
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because the horn of the ultrasonic disperses which is 
made of titanium, readily wears out due to contact with 
the hydrophobic carbon black. Fine silver particles in a 
dry state are less apt to be dispersed in the solution and 
necessitate a prolonged period for ultrasonic dispersion 
operation. However, it has been found that when an 
ultrasonic dispersion operation is conducted over a pro- 
longed period, fine particles become larger far from 
being reduced. There has been a further problem that 
since fine silver particles undergo sintering and become 
larger in a pressing step, it is necessary to use a large 
amount of silver for securing performance. 
[0014] When a dispersion containing a hydrophobic 
carbon black and fine PTFE particles wherein the two 
kinds of particles have different particle diameters as 
shown above, i.e., from 20 to 300 jim and 0.3 u.m, self- 
organizes to form a reaction layer, this layer is in such a 
state that large secondary particles of the hydrophobic 
carbon black each is surrounded by fine PtFE particles 
having a size about one-tenth the size of the secondary 
particle to constitute hydrophobic parts. Since the 
regions of these hydrophobic parts are large, the 
hydrophilic parts formed by the self-organization of 
hydrophilic fine particles also are large. As a result, the 
three-phase zone interfaces, which participate in reac- 
tions, are small. Namely, this means that the electrode 
performance possessed by each material is not exhib : 
ited to the ultimate degree. 

DISCLOSURE OF THE INVENTION 

[0015] The invention has been achieved in view of 
such conventional problems. An object of the invention 
is to provide a reaction layer material for a gas diffusion 
electrode which has high performance, is inexpensive, 
has a long life, and can be produced through simple 
operations, and to provide a process for producing the 
same. 

' [001 6] Another object of the invention is to provide a 
reaction layer material for a high-performance gas diffu- 
sion electrode by using a PTFE dispersion in combina- 
tion with a hydrophobic carbon black finely dispersed so 
as to have nearly the same average particle diameter as 
the PTFE dispersion to thereby form a larger amount of 
three-phase zone interfaces, and to provide a process 
for producing the same. : 

[0017] Still another object of the invention is to pro- 
vide a process for producing a reaction layer material for 
a gas diffusion electrode in which fine silver particles as 
a material for a reaction layer are prevented from sinter- 
ing and becoming larger during a pressing step. 
[0018] The present inventor made extensive stud- 
ies in order to eliminate the problems described above! 
As a result, it was found that when hydrophilic fine par- 
ticles, a hydrophobic carbon black, and the fine PTFE 
particles of a PTFE dispersion are dispersed in water 
containing a surfactant, the average particle diameter of 
each particulate ingredient is important. Namely, that 



4 

the hydrophilic fine particles and the hydrophobic car- 
bon black have an average particle diameter close to 
that of the PTFE dispersion and have a narrow particle 
diameter distribution has been found to be necessary 
5 for accomplishing the objects. 

[0019] In order to disperse a carbon black in water 
containing a surfactant so as to satisfy the requirement 
given above, the carbon black is lightly dispersed in the 
surfactant-contajning water and this dispersion is highly 
io pressurized with a pump' to form two high-speed flows 
colliding with each other. As a result, the carbon black 
can be reduced to 1 yum or below so as to have a nar- 
rower particle size distribution. It has been found that 
the dispersion operation can be efficiently accom- 
15 plished by merely adding a colloidal silver dispersion 
1 and a PTFE dispersion to the resultant carbon black dis- 
persion and stirring the mixture, and that a reaction 
■ J layer material can beproduced by finally self -organizing 
this mixture with ah alcohol. " ■■■ * 

20 [0020] It was also found that in inhibiting the sinter- 
ing of fine silver particles in a pressing step; it is effec- 
tive to cause hydrophilic fine particles to coexist with 
and surround the fine silver particles/ 
[0021] The present inventor has found that the 

'25 problems described above can be eliminated and the 
objects given above can be accomplished based on 
these findings. Trie invention has thus been achieved. 
[0022] Furthermore, the inventor has thought that in 
producing the reaction layer material by that method in 

30 which a PTFE dispersion is added and dispersed with 
stirring and self-organization is finally conducted with an 
alcohol, the resultant mixture can be sprayed simultane- 
ously with the mixing of the dispersion with the alcohol 
by controlling the rate of self-organization, so as to 

35 finally form a film which has been self-organized with 
the alcohol. The invention has thus been achieved. 
[0023] Furthermore, methods therefor were investi- 
gated in order to facilitate the formation of a gas feed 
layer and a reaction layer. For example, since adding a 

40 self-organizing agent such as an alcohol to a dispersion 
of a hydrophilic carbon black and polytetrafluoroethyl- 
" ene (PTFE) causes the dispersed substances to coagu- 
late and self-organize to thereby give a pasty mixture, a 
gas feed layer can be obtained by applying the pasty 

45 mixture to a conductive substrate and drying and heat- 
ing the coating. 

[0024] Incidently, the mixture produced by the 
method described above through self-organization with 
an alcohol comes to have a curdlike consistency 

so because of the high cohesive force of the PTFE. Appli- 
cation with a spatula is hence the only technique for 
forming the mixture into a film. 
[0025] ' The film-forming technique which involves 
the film-forming operation in which the mixture obtained 

55 through filtration which has undergone self-organization 
with an alcohol and come to have* a curdlike consistency 
is applied with a spatula to form a film has had a draw- 
back that the step is complicated and delicate. 
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[0026] It has therefore been desired to simplify the 
film-forming technique for gas diffusion electrodes. 
[0027] The present inventor made various investi- 
gations on means therefor. As a result, the inventor has 
thought that since the mixture which has undergone 5 
self-organization with a self-organizing agent such as 

. an alcohol by the method described above comes, with 
the lapse of time, to have a curdlike consistency and be 
difficult to be formed into a film, the mixture can be 
sprayed by controlling the rate of self-organization. 10 
Namely, the inventor has had the idea that a film which 
has been self-organized with an alcohol is finally 
obtained in this manner. As a result of investigations on 
means for enabling it, the invention has been achieved. 
[0028] The invention has eliminated the problems is 

. described above by the following means. 

1 . A reaction layer material for a gas diffusion elec- 
trode, which is obtained by 

20 

mixing a polytetrafluo methylene dispersion 
with a surfactant-containing aqueous solution 
containing hydrophilic fine particles and a 
hydrophobic carbon black, each dispersed 
therein satisfying the relationships: 0.5 < D < 2 25 
and r s < 2r p , wherein D = r c /r p , r s represents 
the average particle diameter of the hydrophilic 
fine particles dispersed in the surfactant-con- 
taining aqueous solution, r c represents the 
average particle diameter of the hydrophobic 30 
carbon black dispersed in the surfactant-con- 
taining aqueous solution, and r p represents the 
average particle diameter of polytetrafluoroeth- 
ylene fine particles in the poiytetrafluoroethyl- 
ene dispersion to be used; and then 35 
adding a self -organizing agent to the mixture 
and mixing therewith. 

2. A process for producing a reaction layer material 

for a gas diffusion electrode, which comprises, for 40 
dispersing a hydrophobic carbon black and/or 
hydrophilic fine particles and a polytetrafluoroethyl- 
ene dispersion with a surfactant-containing aque- 
ous solution: 

45 

' mixing a hydrophobic carbon black and/or 
hydrophilic fine particles with a surfactant-con- 
taining aqueous solution to be dispersed 
therein satisfying the relationships: 0.5 < D < 2 
and r s < 2r p , wherein D = r c /r p , r 3 represents so 
the average particle diameter of the hydrophilic 
fine particles dispersed in the surfactant-con- 
taining aqueous solution, r c represents the 
■ average particle diameter of the hydrophobic 
carbon black dispersed in the surfactant-con- ss 
taining aqueous solution, and r p represents the 
average particle diameter of polytetrafluo meth- 
ylene fine particles in the polyt traf I uo methyl- 



ene dispersion to be used; 
mixing the resultant dispersion with the poly- 
tetrafluo ro ethylene dispersion having the aver- 
age particle diameter r p ; and then 
adding a self-organizing agent to the mixture 
and mixing therewith. 

3. The process for producing a reaction layer mate- 
rial for a gas diffusion electrode according to claim 
1 or 2, wherein the hydrophobic carbon black is 
added to the surfactant-containing aqueous solu- 
tion and dispersed therein so as to have an average 
particle diameter thereof of 2 to 0.2 u»m, and there- 
after a dispersion of the hydrophilic fine particles 
and the polytetrafluoroethylene dispersion are 
added to the resultant dispersion to be mixed there- 
with, andfunr rthe self-organizing agent is added 
to the mixture .'.be mixed therewith. 

4. The process ror producing a reaction layer mate- 
rial for a gas diffusion electrode according to claim 
1 or 2, wherein the hydrophilic fine particles are 
added to the surfactant-containing aqueous solu- 
tion and dispersed therein so as to have an average 
particle diameter thereof of 2 to 0.2 urn, and there- . 
after the polytetrafluoroethylene dispersion is 
added to the resultant dispersion to be mixed there- 
with, and further the self -organizing agent is added 
to the mixture to be mixed therewith. 

5. The process for producing a reaction layer mate- 
rial for gas diffusion electrodes of claim 1 or 2, 
wherein the hydrophobic carbon black is added to 
the surfactant-containing aqueous solution and dis- 
persed therein using a jet mill so as to have an aver- 
age particle diameter thereof of 2 to 0.2 urn, and 
thereafter a colloidal silver dispersion is added to 
the resultant dispersion to be mixed therewith, sub- 
sequently hydrophilic fine particles other than silver 
are added to the mixture to be mixed therewith, and 
further the self-organizing agent is added to the 
mixture to be mixed therewith. 

6. A process for producing a reaction layer material 
powder for a gas diffusion electrode, which com- 
prises spray-drying a reaction layer material for a 
gas diffusion electrode as obtained by a process 
according to any one of claims 2 to 5. 

7. A process for producing a reaction layer material 
for a gas diffusion electrode, which comprises: 

adding a hydrophobic carbon black to a sur- 
factant-containing aqueous solution and dis- 
persing the hydrophobic carbon black therein 
so as to have an average particle diameter 
thereof of 2 to 0.2 jim; 

adding a dispersion of hydrophilic fine particles 
and a polytetrafluoroethylene dispersion to the 
resultant dispersion and mixing therewith; and 
adding a self-organizing agent to the mixture 
and mixing therewith. 
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8. A process for producing a gas feed layer material 
powder for a gas diffusion electrode, which com- 
prises: 

adding a liquid for self-organization to a disper- 5 
sion of a gas feed layer material for a gas diffu- 
sion electrode which contains a 
polytetrafluoroethylene dispersion and mixing 
therewith; and then 

spray-drying the mixture. w 

9. A process for producing a gas diffusion elec- 
trode, which comprises: 

feeding two fluids through pipes, one of the flu- t5. 
ids being a dispersion containing hydrophilic 
fine particles having a primary-particle diame- 
ter of 0.5 urn or smaller, hydrophobic carbon 
black fine particles having a primary-particle 
diameter of 0.5.ujti or smaller, a surfactant and 20 
polytetrafluoroethylene fine particles having a 
primary-particle diameter of 0.5 UJ71 or smaller, 
and the other fluid being a liquid for self -organ- 
ization; 

causing the two fulids to meet and mix with 25 
each other; and 

spraying the mixture to form a coated film to, 
thereby form a reaction layer. 

10. A process for producing a gas diffusion elec- '30 
trade, which comprises: 

feeding two fluids through pipes, one of the flu- 
ids being a dispersion containing hydrophobic 
carbon black fine particles having a primary- 35 
particle diameter of 0.5 urn or smaller, a sur- 
factant and polytetrafluoroethylene fine parti- 
cles having a primary-particle diameter of 0.5 
. u.m or smaller, and the other fluid being a liquid 
for self-organization; 40 
causing the two fulids to meet and mix with 
each other; and 

spraying the mixture to form a coated film to 
thereby form a reaction layer. 

45 

[0029] In item 9 above, fine catalyst particles having 
a primary-particle diameter of 0.5 jim or smaller can be 
used as the hydrophilic fine particles. In this case, a 
reaction layer can be formed because the fine catalyst 
particles are contained. so 
[0030] Furthermore, a gas diffusion electrode can 
be produced by forming a gas feed layer on a conduc- 
tive support such as a silver gauze by the method 
described in item 10 above and forming a reaction layer 
thereon by the method described in item 9 above. This .55 
sequence of coating film formation may be reversed. 
[0031] . For heightening the performance of a gas 
diffusion electrode, it is essential to form a larger 



amount of three-phase zone interfaces. The present 
inventor made intensive investigations in , order to 
accomplish this subject and, as a result, it has been 
found that methods for forming a larger amount of three- 
phase zone interfaces are considerably influenced by 
the state of the mixture of a hydrophobic carbon black 
and fine PTFE particles. Namely, it has been found that 
submicron three-phase zone interfaces are formed by 
dispersing a hydrophobic carbon black to almost the 
same particle diameter as a PTFE dispersion to be 
used, mixing the carbon black dispersion and 
hydrophilic fine particles having'a smaller particle diam- 
eter than the PTFE dispersion with the PTFE dispersion 
with stirring, and then self-organizing the resultant mix- 
ture with an alcohol or the like. Namely, the inventor has 
found a method for constituting three-phase zone inter- 
faces with hydrophilic parts not larger than 1 ujtj. In this 
method, materials respectively serving as hydrophilic 
parts and hydrophobic parts are dispersed in an aque- 
ous solution containing a surfactant to almost the same 
particle diameter as a PTFE' dispersion and the result- 
ant mixture is self-organized, whereby a microstructure 
can be produced. 

[0032] Specifically, the relationships among those 
particle diameters is as follows: 

0.5 < D < 2 r 

, , . r 3 < 2 fp 

wherein D = r c /r p , r s represents the average particle 
diameter of the hydrophilic fine particles dispersed in 
the surfactant-containing aqueous solution, r c repre- 
sents the average particle diameter of the hydrophobic 
carbon black dispersed in the surfactant-containing 
aqueous solution, and r p represents the average parti- 
cle diameter of polytetrafluoroethylene fine particles in 
the polytetrafluoroethylene dispersion to be used. 
[0033] The polytetrafluoroethylene dispersion is 
mixed with the aqueous solution containing the 
hydrophilic fine particle and hydrophobic carbon black 
dispersed therein under these conditions. Thereafter, a 
self-organizing agent is further mixed therewith to 
obtain a reaction layer material for gas diffusion elec- 
trodes. 

[0034] In order to make each of these finely partic- 
ulate materials have an average particle diameter satis- 
fying those requirements in the invention, it is necessary 
to regulate the average particle diameter of the hydro- 
phobic carbon black and that of the hydrophilic fine par- 
ticles so as to satisfy those requirements because the 
average particle diameter of the fine PTFE particles in 
the PTFE dispersion to be used has been already fixed 
by the manufacturer. Since the primary particles of the 
hydrophobic carbon black have aggregated as stated 
above, it is preferred to disperse the carbon black in 
such a manner that the carbon black is finely reduced 
so as to be free from the aggregated state and have an 
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average particle diameter satisfying the requirements 
shown above. 

[0035] An example of means therefor is as follows. 
A hydrophobic carbon black is lightly dispersed in water 
containing 4% surfactant. Using a jet mill, high-speed 
flows from two nozzles having a diameter of 0.2 mm 
were collided with each other at a pressure of 1 ,000 
kg/cm 2 to thereby disperse the carbon black to an aver- 
age particle diameter of 0.45 jim. A dispersion opera- 
tion is accomplished by merely mixing a colloidal silver 
dispersion having an average particle diameter of 0.1 
jim with the resultant carbon black dispersion with stir- 
ring and further mixing a PTFE dispersion therewith 
with stirring. Finally, ethyl alcohol is mixed with the mix- 
ture to self-organize it The resultant mixture is filtered, 
dried, and formed into a sheet by the rolling method. 
The surfactant is removed and the sheet is dried. There- 
after, this sheet, a silver gauze, and a. gas fed layer are 
put together and hot-pressed to obtain a gas diffusion 
electrode. 

[0036] In the case where the surfactant concentra- 
tion in the water and the pressure produced with the 
water jet mill were regulated to 5% and 500 kg/cm 2 , 
respectively, the carbon black was dispersed to an aver- 
age particle diameter of 0.7 urn. Consequently, a given 
average particle diameter can be obtained by suitably 
fixing the conditions. 

[00371 The hydrophilic fine particles to be used are 
preferably ones which do not dissolve in water or alco- 
hols and are stable at a temperature as high as 380°C, 
such as, e.g., a hydrophilic carbon black, fine metal par- 
ticles, metal oxides, Zn0 2 , CaC0 3 , alumina, silica, tita- 
nia, or the like. The hydrophilic fine particles are used 
after platinum or silver is deposited thereon as a cata- 
lyst. These fine particles desirably have a particle diam- 
eter of 0.3 |im or smaller. 

[0038] The hydrophilic fine particles added in the 
invention in order to prevent fine silver particles from 
sintering in a pressing step are desirably ones having a 
particle diameter of 0.1 |am or smaller. The material of 
these particles needs to be one which does not dissolve 
in water or alcohols and is stable at a temperature as 
high as 380° C, approximately corresponding to a press- 
ing temperature, such as, e.g., Zr0 2 , CaC0 3 , alumina, 
silica, titania, or the like. When these hydrophilic fine 
particles coexist, the fine silver particles are inhibited 
from sintering and the decrease in silver surface area is 
reduced to or below one-third the decrease in the case 
of the absence of hydrophilic fine particles. Conse- 
quently, the amount of fine silver particles to be used 
can be reduced accordingly. 

[0039] Next, the process of the invention for produc- 
ing a gas diffusion electrode material or the process of 
the invention for producing a gas diffusion electrode 
each employing the spraying method may be applied to 
either or both of the reaction layer and gas feed layer of 
a gas diffusion electrode. In the case of producing a gas 
diffusion electrode by mainly forming a reaction layer 



only and forming a gas feed layer which need not espe- 
cially be self-organized, the reaction layer only may be 
produced according to the invention. 
[0040] Several methods can be used for forming a 

5 reaction layer. For example, in a method in which layer 
formation is followed by catalyst deposition to form a 
reaction layer, a hydrophilic carbon black and a hydro- 
phobic carbon black are first dispersed with a sur- 
factant, e.g., Triton, and a PTFE dispersion is further 

10 added to obtain a reaction layer dispersion. 

[0041] In the case of a method in which a reaction 
layer containing fine catalyst particles is formed through 
one operation, this can be accomplished by self-organ- 
izing a liquid dispersion of, e.g., a mixture of fine silver 

15 particles and a PTFE dispersion with a self -organizing 
agent, e.g., an alcohol such as ethanol, and immedi- 
ately spraying the dispersion. 

[0042] After the mixing, the dispersion Is self-organ- 
ized. Consequently, the dispersion being sprayed is in a 

20 self-organized state. However, there are cases where 
with the lapse of time after the mixing, the dispersion 
comes to have a curdlike consistency and becomes 
unable to be sprayed. It is therefore preferred to conduct 
spraying as early as possible after the mixing. However, 

25 in the case where the concentration is low, spraying 
may be possible according to conditions because the 
dispersion as a whole does not come to have a curdlike 
consistency. 

[0043] For example, the spraying of a reaction layer 

30 dispersion is explained below in detail by reference to 
the drawing. As shown in Fig. 1, a reaction layer disper- 
sion 5 is introduced into a feed pipe 1 connected to a 
spray nozzle, while ethanol 6 is introduced into a feed 
pipe 2. The two liquids are caused to meet each other in 

35 a confluence passageway 3. This liquid mixture is dis- 
charged from the tip of a nozzle 4, during which a high- 
pressure gas 8 is jetted from a jet gas pipe 7. As a 
result, the discharged liquid is blown off to form a spray 
9. This spray 9 is applied to an electrode substrate, 

40 whereby a coating film can be formed. 

[0044] The preparation of, for example, a reaction 
layer dispersion in a process of the invention for produc- 
ing a gas diffusion electrode is explained in detail. First, 
fine silver particles as a catalyst or a hydrophilic carbon 

45 black is added to and dispersed in an aqueous solution 
containing, e.g., a surfactant. Alternatively, a surfactant 
is added to fine silver particles or a hydrophilic carbon 
black and the mixture is dispersed in water. Thereafter, 
a PTFE dispersion is mixed therewith and dispersed. In 

so the dispersion thus obtained, the fine particles of the sil- 
ver or hydrophilic carbon black and the fine PTFE parti- 
cles retain a highly dispersed stable state while forming 
micellar structures by the action of the surfactant. 
[0045] In this dispersed state, the dispersed parti- 

55 cles, which each is an aggregate of primary particles, 
have an average particle diameter of 5 u/n or smaller. 
The fine catalyst particles and the fine particles of the 
hydrophilic carbon black preferably have an average pri- 
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mary-particle diameter of 1 jim or smaller, especially 
0.5 urn or smaller. Because of spraying, finer particles 
are preferred from the standpoint of avoiding problems 
such as nozzle clogging. 

[0046] In the same manner, a hydrophobic carbon 5 
. black or the like can be dispersed as a constituent mate- 
rial. 

[0047] Namely, a hydrophilic carbon black and a 
hydrophobic carbon black are added to water and a sur- 
factant to disperse the carbon blacks in the water. After 10 
fine PTFE particles are mixed therewith, the ability of 
the surfactant is controlled, whereby a reaction layer 
dispersion can be prepared which contains the 
hydrophilic carbon black dispersed together with fine 
PTFE particles and further contains the hydrophobic 15 
carbon black dispersed together with fine PTFE parti- 
cles. 

[0048] In the case of fine silver particle's and fine 
PTFE particles, it is preferred to disperse these parti- 
cles with a surfactant, e.g., Triton. 20 
[0049] The main constituent materials of a reaction 
layer include a catalyst comprising a noble metal such 
as platinum, a mixture of fine hydrophilic carbon parti- 
cles and fine water-repellent carbon particles, and a 
small amount of fine fluororesin particles, and optionally 25 
include binder particles for bonding these fine particles 
to one another. 

[0050] Examples of the catalyst include alkali- 
resistant noble metals, e.g., platinum and other platinum 
group metaJs, gold, and silver, and alloys of these noble 30 ' 
metals. However, the catalyst should not be construed 
as being limited to these. When both performance and 
cost are taken in account, silver is a preferred catalyst. 
These noble metals are used in the form of fine parti- 
cles. . 35 
. [0051 ] The main constituent materials of a gas feed 
layer include fine water-repellent carbon particles and 
fine fluororesin particles, and optionally include binder 
particles for bonding these fine particles to one another. 
[0052] The surfactant used for dispersion in the pro- 40 
duction of a gas diffusion electrode of the invention can 
be any of an anionic surfactant, cation ic surfactant, non- 
ionic surfactant, and amphoteric surfactant. However, a 
nonionic surfactant is preferred in that it does not influ- 
enced by salts or ions. 45 
[0053] Examples of the fluororesin include 
tetrafluoroethylene resins, chlorotrifluoroethylene res- 
ins, tetrafluoroethylene/hexafluoropropylene resins, and 
vinylidene fluoride resins. However, tetrafluoroethylene 
resins (PTFE) are especially preferred. so 
[0054] The PTFE dispersion is an aqueous disper- 
sion of fine PTFE particles. Although a surfactant for 
dispersion is contained in the dispersion, this surfactant 
is preferably a nonionic surfactant for the reason 
described above. , 55 
[0055] The self-organizing agent added to the dis- 
persion can be called "micelle destroyer" because it 
functions to destroy dispersed micelles. Examples of 



this micelle destroyer include highly water-soluble 
organic solvents, e.g., alcohols such as methyl alcohol, 
ethyl alcohol, isopropyl alcohol, and the like and 
ketones such as acetone and the like. These micelle 
destroyers may be used in such an amount that the 
micellar structures which are units of surfactant mole- 
cules are destroyed to thereby come into a fractal state. 
However," the proportion of the micelle destroyer to the 
dispersion is usually 1:1, but may be a. value therea- 
round/ " 

[0056] By adding an alcohol to the dispersion, the 
micellar structures enabling the fine particles to be dis- 
persed are destroyed and the fine particles are aggre- 
gated. In this case, aggregates in a fractal state are 
formed and, as a result, a hydrophilic layer in a fractal 
state is formed. The alcohol functions as a micelle 
destroyer. 

[0057] In a dispersion containing a hydrophobic 
carbon black or the like dispersed therein as a constitu- 
ent material, the hydrophobic parts also are aggregated 
by an alcohol. In this case, however, the hydrophobic 
parts are regulated so as to give smaller aggregates 
than the hydrophilic parts. When the hydrophilic layer 
and hydrophobic parts thus obtained are mixed with 
each other, the hydrophobic aggregates in the range of 
from 5 to 100 jim penetrate into the peripheries of the 
hydrophilic aggregates each having a'f ractal structure in 
the range of from 5 to 1 00 jum, whereby the interfaces 
between the hydrophobic parts and the hydrophilic 
parts have a huge area. In usual cases, hydrophilic 
aggregates are larger than hydrophobic aggregates. As 
a result, improved performance is obtained simultane- 
ously with an increased electrode life. 
[0058] In the case of fine silver particles and fine 
PTFE particles, these particles are dispersed with a sur- 
factant, e.g., Triton, and ethanol is added to the disper- 
sion. As a result, the fine silver particles and the fine 
PTFE particles separately aggregate into fractals of 
about several micrometers, and these fractals undergo 
secondary aggregation. 1 

[0059] According to the invention, a mixture 
obtained by mixing an alcohol serving as a self-organiz- 
ing agent with the material dispersion with stirring is 
powdered by feeding the mixture to a spray dryer, spray- 
ing the same, and drying the resultant droplets in the air. 
Thus, a reaction layer material powder or a gas feed 
layer material powder can be obtained. 
[0060] Alternatively, a method may be used which 
comprises continuously introducing the material disper- 
sion and an alcohol serving as a self -organizing agent 
with respective constant delivery pumps into a mixing 
part, mixing the two liquids together to self-organize the 
dispersion, subsequently sending the mixture to a spray 
drying part, spraying the mixture, and drying the result- 
ant droplets in the air to obtain a powder. In this case, it 
is preferred to spray the mixture at a stage in which its 
viscosity is still not so high, because gelation proceeds 
with the progress of selNorganization, resulting in acon- 
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siderably high viscosity. 

[0061] Embodiments of the invention include the 
preparation of a reaction layer material powder and of a 
gas feed layer material powder. 
[0062] A reaction layer material powder is prepared, 
for example, in the following manner. A hydrophiiic car- 
bon black and a hydrophobic carbon black are dis- 
persed in an aqueous solution of Triton (surfactant) to 
obtain a dispersion. A PTFE dispersion is further added 
thereto to obtain a dispersion. A mixture of fine silver 
particles and a PTFE dispersion or the like is added to 
the thus-obtained dispersion and dispersed therein to 
obtain a reaction layer dispersion in a liquid form. An 
alcohol such as, e.g., ethanol is added to the thus- 
obtained dispersion to self-organize the dispersion, 
which is then spray-dried. 

[0063] A gas feed layer material powder is pre- 
pared, for' example, in the following manner. A hydro- 
phobic carbon black is dispersed with Triton to obtain a 
dispersion. A PTFE dispersion is further added thereto 
to prepare a dispersion. Ethanol serving as a self- 
organizing agent is added to the thus-obtained disper- 
sion, and the resultant mixture is treated with a mixer 
and spray-dried. 

[0064] The self-organizing agent preferably is etha- 
nol, isopropyl alcohol, or the like. It may be an aqueous 
solution of an inorganic salt such as common salt, 
sodium carbonate/alum, or the like. 

BRIEF DESCRIPTION OF THE DRAWING 

[0065] 

Fig. 1 is a diagrammatic view illustrating the forma- 
tion of a spray in the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0066] The invention* will be explained below in 
detail by reference to the following Examples. However, 
the invention should not be construed as being limited 
only to these Examples. Throughout the Examples, all 
"parts 0 means "parts by weight" and all "%" means "% 
by weight". 

EXAMPLE 1 

[0067] To 200 parts of 4% Triton (surfactant; the 
same applies hereinafter) was added 2 parts of a hydro- 
phobic carbon black (Denka Black; average particle 
diameter, 390 A; manufactured by Denki Kagaku Kogyo 
K.K.). The mixture was stirred to disperse the carbon 
black. This carbon black dispersion was treated five 
times with a jet mill (manufactured by Genus; nozzle 
diameter, 0.2 mm) at a pressure of 1 ,500 kg/cm 2 . As a 
result, the dispersion came to have an average particle 
diameter of 0.4 ujti and a narrow distribution having no 
particles of 1 u,m or larger. To this high-degree disper- 



sion was added 10 parts of a silver colloid (a trial prod- 
uct manufactured by Tanaka Kikinzoku Kogyo K.K.; 
average particle diameter, 0.1 urn). The mixture was 
stirred for mixing. Thereto was further added 1 .5 parts 

5 of a PTFE dispersion (D-1 ; average particle diameter, 
0.3 urn; manufactured by Daikin Industries, Ltd.). This 
mixture was stirred for mixing. To this dispersion was 
added 300 parts of isopropyl alcohol to self-organize the 
dispersion. The resultant mixture was filtered to obtain a 

io reaction layer material. 

[0068] A gas diffusion electrode sheet composed of 
a reaction layer and a gas feed layer was produced by 
the rolling method. This sheet was dried at 80°C for 3 
hours and the surfactant was removed with an ethanol 

75 extractor. After drying, the sheet was pressed together 
with a silver gauze at 50 kg/cm 2 and 350°C for 60 sec- 
onds to obtain an electrode. The oxygen -reducing abil- 
ity of this electrode was measured at 80°C in 32% 
NaOH. As a result, the ability was found to be as high as 

26 0.846 V (vs. RHE) at 30 A/dm 2 . ■ 

COMPARATIVE EXAMPLE 1 

[0069] To 200 parts of 4% Triton was added 2 parts 

25 of a hydrophobic carbon black (Denka Black; average 
particle diameter, 390 A; manufactured by Denki 
Kagaku Kogyo K.K.). The mixture was stirred to dis- 
perse the carbon black. This carbon black dispersion 
was treated with an ultrasonic dispenser (manufactured 

30 by Branson; 500 W) for 5 minutes with cooling with 
water. As a result, the dispersion came to have an aver- 
age particle diameter of 1 .6 urn. To this dispersion was 
added 10 parts of a silver colloid (a trial product manu- 
factured by Tanaka Kikinzoku Kogyo K.K.; average par- 

35 tide diameter, 0.1 u,m). The mixture was stirred for 
mixing. Thereto was further added 1.5 parts of a PTFE 
dispersion (D-1; average particle diameter, 0.3 ujti; 
manufactured by Daikin Industries, Ltd.). This mixture 
was stirred for mixing. To this dispersion was added 300 

40 parts of isopropyl alcohol to self-organize the disper- 
sion. The resultant mixture was filtered to obtain a reac- 
tion layer material. 

[0070] A gas diffusion electrode sheet composed of 
a reaction layer and a gas feed layer was produced by 

45 the rolling method. This sheet was dried at 80°C for 3 
hours and the surfactant was removed with an ethanol 
extractor. After drying, the sheet was pressed together 
with a silver gauze at 50 kg/cm 2 and 350°C for 60 sec- 
onds to obtain an electrode. The oxygen-reducing abil- 

so ity of this electrode was measured at 80°C in 32% 
NaOH. As a result, the ability was found to be as low as 
0.793 V (vs. RHE) at 30 A/dm 2 . 

EXAMPLE 2 

55 

[0071] To 350 parts of 2% Triton were added 7 parts 
of a hydrophiiic carbon black (AB-12; average particle 
diameter, 400 A; trial product; manufactured by Denki 
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Kagaku Kogyo K.K.) and 3 parts of a hydrophobic car- 
bon black (No. 6; average particle diameter, 500 A; trial 
product; manufactured by Denki Kagaku Kogyo K.K.). 
The mixture was stirred to disperse the carbon blacks. 
This carbon black dispersion was treated five times with 
a jet mill (manufactured by Genus; nozzle diameter, 0.2 
mm) at a pressure of 1 ,500 kg/cm 2 . As a result, the dis- 
persion came to have an average particle diameter of 
0.45 um Thereto was further added 4 parts of a PTFE 
dispersion (D-1; average particle diameter, 0.3 jim; 
manufactured by Daikin Industries, Ltd.). This mixture 
was stirred for mixing. To this dispersion was added 300 
parts of isopropyl alcohol to self-organize the disper- 
sion. The resultant mixture was filtered to obtain a reac- 
tion layer material 

[0072] A gas diffusion electrode sheet composed of 
a reaction layer and a gas feed layer was produced by 
the rolling method. This sheet was dried at 80°C for 3 
hours and the surfactant was removed with an ethanol 
extractor. After drying, the sheet was pressed together 
with a silver gauze at 50 kg/cm 2 and 380°C for 60 sec- 
onds to obtain an electrode. Platinum was deposited on 
this electrode in an amount of 0.56 mg/cm 2 by the coat- 
ing method. The oxygen-reducing ability of this elec- 
trode was measured at 80°C in 32% NaOH. As a result, 
the ability of the electrode obtained was found to be as 
extremely high as 0.850 V (vs. RHE) at 30 A/dm 2 . 

COMPARATIVE EXAMPLE 2 

[0073] To 350 parts of 2% Triton were added 7 parts 
of a hydrophilic carbon black (AB-12; average particle 
diameter, 400 A; trial product; manufactured by Denki 
Kagaku Kogyo K.K.) and 3 parts of a hydrophobic car- 
bon black (No. 6; average particle diameter, 500 A; trial 
product; manufactured by Denki Kagaku Kogyo K.K.). 
The mixture was stirred to disperse the carbon blacks. 
This carbon black dispersion was treated with an ultra- 
sonic disperser (manufactured by Branson; 500 W) for 5 
minutes with cooling with water. As a result, the disper- 
sion came to have an average particle diameter of 1 .5 
um. Thereto was further added 4 parts of a PTFE dis- 
persion (D-1; average particle diameter, 0.3 u/n; manu- 
factured by Daikin Industries, Ltd.). This mixture was 
stirred for mixing. To this dispersion was added 300 
parts of isopropyl alcohol to self-organize the disper- 
sion. The resultant mixture was filtered to obtain a reac- 
tion layer material. 

[0074] . A gas diffusion electrode sheet composed of 
a reaction layer and a gas feed layer was produced by 
the rolling method. -This sheet was dried at 80°C for 3 
hours and the surfactant was removed with an ethanol 
extractor. After drying, the sheet was pressed together 
with a silver gauze at 50 kg/cm 2 and 380°C for 60 sec- 
onds to obtain an electrode. Platinum was deposited on 
this electrode in an amount of 0.56 mg/cm 2 by the coat- 
ing method. The oxygen-reducing ability of this elec- 
trode was measured at 80°C in 32% NaOH. As a result, 



the ability was found to be as low as 0.80 V (vs. RHE) at 
30 A/dm 2 . 

i 

EXAMPLE 3 

5 \ 

[0075] " To 200 parts of 6% Triton was added 2 parts 
of a hydrophobic carbon black (No. 6; average particle 
diameter," 500 A; trial product; manufactured by Denki 
Kagaku Kogyo K.K.). The mixture was stirred to dis- 

w perse the carbon black. This carbon [ black dispersion 
was treated once with a jet mill (manufactured by 
Genus; nozzle diameter, 0.2 mm) at a pressure of 500 
kg/cm 2 . As a. result, the. dispersion came to have an 
average particle diameter of 0.76 um and a narrow dis- 

75 tribution having no particles of 1 0 u/n or larger. To this 
high -degree dispersion was added 1 0 parts of a silver 
colloid (a trial product manufactured by Tanaka Kikin- 
zoku Kogyo K.K.;. average particle diameter, 0.1 um). 
The mixture was stirred for mixing. Thereto was further 

20. added 1 .5 parts of PTFE dispersion D-1 (manufactured 
by Daikin Industries, Ltd.). This mixture was stirred for 
mixing. To this dispersion was added 300 parts of iso- 
propyl alcohol to self-organize the dispersion. The 
resultant mixture was filtered to obtain a reaction layer 

25 material. 

[0076] A gas feed layer dispersion produced from 2 
parts of a hydrophobic carbon black (No. 6; average 
particle diameter, 500 A; trial product; manufactured by 
Denki Kagaku Kogyo K.K.) and 1 .4 parts of a PTFE dis- 

30 persion (D-1; manufactured by Daikin Industries, Ltd.) 
was self -organized with isopropyl alcohol. This mixture 
was filtered to obtain a gas feed layer material powder. 
[0077] A gas diffusion electrode sheet was pro- 
duced from the reaction layer material and the gas feed 

35 layer material powder by the rolling method. This sheet 
was dried at 80°C for 3 hours and the surfactant was 
removed with an ethanol extractor. After drying, the 
sheet was pressed together with a silver gauze at a 
pressure of 50 kg/cm 2 and 350°C for 60 seconds to 

40 obtain a gas diffusion electrode. 

[0078] This electrode was attached as an oxygen 
cathode to a small electrolytic cell for common-salt elec- 
• . trolysis, and a hydrogen generation treatment was con- 
ducted for 10 minutes under the conditions of 80°C, 

45 32% NaOH, and 30 A/dm 2 . Thereafter, continuous 
operation was conducted under the conditions of 85°C, 
32% NaOH, and 30 A/dm 2 while introducing oxygen in 
an amount of 1.6 times the theoretical amount. The ini- 
tial electrolytic voltage was 2.0 V. Thereafter, the voltage 

so has remained almost constant at about 2.0 V for a half 
year. At present, the operation is continuing. 

EXAMPLE 4 . 

55 [0079] . To 200 parts of 6% Triton was added 2 parts 
of a hydrophobic carbon black (No. 6; average particle 
diameter, 500 A; trial product; manufactured by Denki 
Kagaku Kogyo K.K.). The mixture was stirred to dis- 
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perse the carbon black. This carbon black dispersion 
was treated three times with a jet mill (manufactured by 
Genus; nozzle diameter, 0.2 mm) at a pressure of 500 
kg/cm 2 . As a result, the dispersion came to have an 
average particle diameter of 0.64 urn. To this high- 5 
degree dispersion was added 4 parts of a silver colloid 
(a trial product manufactured by Tanaka Kikinzoku 
Kogyo K.K.; average particle diameter, 0.1 urn). The 
mixture was stirred for mixing.' In this dispersion were 
dispersed 5 parts of fine zirconia particles having an 10 
average particle diameter of 0.05 urn. Thereto was fur- 
ther added 1.5 parts of a PTFE dispersion (D-1; manu- 
factured by Daikin Industries, Ltd.). This mixture was 
stirred for mixing. To this dispersion was added 300 
parts of isopropyl alcohol to self-organize the disper- 15 
sion. The resultant mixture was filtered to obtain a reac- 
tion layer material. 

[0080] * A gas feed layer dispersion produced from 2 
parts of .a hydrophobic carbon black (No. 6; average 
particle diameter, 500 A; trial product; manufactured by 20 
Denki Kagaku Kogyo K.K.) and 1 .4 parts of a PTFE dis- 
persion (D-1; manufactured by Daikin Industries, Ltd.) 
was self -organized with isopropyl alcohol. This mixture 
was filtered to obtain a gas feed layer material. 
[0081] A gas diffusion electrode sheet was pro- 25 
duced by the rolling method. This sheet was dried at 
80°C for 3 hours and the surfactant was removed with 
an ethanol extractor.. After drying, this sheet was . 
pressed together with a silver gauze at 50 kg/cm 2 and 
380°C for 60 seconds to obtain an electrode. 30 
[0082], This electrode was attached as an oxygen 
cathode to a small electrolytic cell for common-salt elec- 
trolysis, and a hydrogen generation treatment was con- 
ducted for.'IO minutes under the conditions of 80°C, 
32% NaOH, and 30 A/dm 2 . Thereafter, continuous 35 
operation was conducted under the conditions of 85°C, 
32% NaOH, and 30 A/dm 2 while introducing oxygen in 
an amount of 1.6 times the theoretical amount. The ini- 
tial electrolytic voltage was 2.05 V. Thereafter, the volt- 
age has remained almost constant at about 2.0 V for a 40 
half year. At present, the operation is continuing. 

EXAMPLES 

[0083] In 1 liter of an aqueous solution were dis- 45 
persed 20 g of fine zirconia particles having an average 
particle diameter of 0.15 um with' the aid of 100 ml of 
20% Triton added thereto. To this dispersion were drop- 
wise added, over 1 hour, 70 ml of 35% formalin and 250 
ml of a solution prepared by dissolving 35 g of silver so 
nitrate in water with cooling. The pH of this dispersion 
was adjusted to 9 by adding caustic soda to thereby 
deposit silver on the fine zirconia particles. 
[0084] To 4 parts of the fine zirconia particles hav- 
ing silver deposited thereon were added 1 part of Triton 55 
and 9 parts of water. The particles were dispersed with 
an ultrasonic dispenser. Thereto was added 1 part of a 
PTFE dispersion (D-1; manufactured by Daikin Indus- 



tries, Ltd.). This mixture was stirred for mixing to pre- 
pare a reaction layer dispersion. 
[0085] This reaction layer dispersion was intro- 
duced through one pipe for spraying, and ethanol was 
sent through another pipe. The two liquids were caused 
to meet and mix with each other in one passageway. 
The resultant mixture was immediately applied by 
spraying on a silver-plated nickel foam (12x28 cm 
square) in a thickness of 0.3 mm. This coated foam was 
pressed at a pressure of 10 kg/cm 2 to force the coating 
into the foam and thereby form a reaction layer. 
[0086] Furthermore, a pasty mixture obtained by 
adding ethanol to a dispersion of a PTFE dispersion (D- 
1; manufactured by Daikin Industries, Ltd.) was forced 
into the back side of the foam to form a gas diffusion 
layer. This coated foam was dried at 80°C for 3 hours, 
pressed at ordinary temperature and a pressure of 40 
kg/cm 2 for 60 seconds, heat-treated at 250°C for 10 
minutes, and then cooled to obtain an electrode. 
[0087] The oxygen -reducing ability of this electrode 
was measured. As a result, the ability was found to be 
as high as 0.80 V (vs. RHE) at a current density of 30 
A/dm 2 . 

EXAMPLE 6 

[0088] 2.5 Parts of a hydrophilic carbon black hav- 
ing 10% silver deposited thereon (AB-12; average parti- 
cle diameter, 400 A; trial product; manufactured by 
Denki Kagaku Kogyo K.K.) and 1 part of PTFE disper- 
sion D-1 (manufactured by Daikin Industries, Ltd.) are 
dispersed. Fifty parts of isopropyl alcohol was added to 
this dispersion to self-organize the dispersion. 
[0089] This mixture is sprayed on a 50-ppi silver- 
plated nickel foam in a thickness of 200 urn, and the 
coated foam is rolled together with a silicone sheet hav- 
ing a thickness of 1 mm to thereby force the reaction 
layer into the nickel foam. 

[0090] A gas feed layer dispersion produced from 2 
parts of a hydrophobic carbon black (No. 6; average 
particle diameter, 500 A; trial product; manufactured by 
Denki Kagaku Kogyo K.K.) and 1 part of PTFE disper- 
sion D-1 (manufactured by Daikin Industries, Ltd.) was 
caused to meet isopropyl alcohol and was thus self- 
organized. This mixture was sprayed on the back side of 
the nickel foam having the reaction layer formed ther- 
eon. Thus, a gas feed layer was formed. 
[0091] The coated foam was dried at 80°C for 3 
hours and the surfactant was removed with an ethanol 
extractor. After drying, the coated foam was pressed at 
50 kg/cm 2 and 380°C for 60 seconds to obtain an elec- 
trode. 

[0092] The oxygen-reducing ability of this electrode 
was measured. As a result, the ability was found to be 
as high as 0.81 V (vs. RHE) at a current density of 30 
A/dm 2 . This performance was higher by 20 mV than that 
of an electrode produced by the conventional method 
comprising coagulating a dispersion by freezing. 
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EXAMPLE 7 

[0093] To 5 parts of fine silver particles (manufac- 
tured by Mitsui Mining & Smelting Co., Ltd.; average • 
particle diameter, 0.3 u.m; Ag.-3030) was added 2 parts 
of PTFE dispersion. D-1 (manufactured by Daikin Indus- 
tries, Ltd.). This mixture was stirred for mixing. The 
resultant reaction layer dispersion was caused to meet 
ethanol, and the mixture was applied by spraying on a 
silver-plated nickel foam (12x28 cm square) in a thick- 
ness of 0.5 mm. This coated foam was pressed at a 
pressure of 10 kg/cm 2 to force the coating into the sil- 
ver-plated nickel foam and thereby form a reaction layer. 
[0094] Furthermore, PTFE dispersion D-1 (manu- 
factured by Daikin Industries, Ltd.) and ethanol were 
caused to meet each other and simultaneously sprayed 
on the back side of the nickel foam to form a gas feed 
layer. 

[0095] The coated foam was dried at 80°C for 3 
hours and the surfactant was removed with an ethanol 
extractor. Thereafter, the coated foam was dried at 
100°C for 2 hours and a silicone resin sheet was super- 
posed thereon on the gas feed layer side. This assem- 
blage was pressed at ordinary temperature and 40 
kg/cm 2 for 60 seconds, heat-treated at 250°C for 10 
minutes without applying a pressure, and then cooled to 
obtain an electrode. 

[0096] An electrolytic cell for common-salt electroly- 
sis was fabricated in which the gap between the elec- 
trode and an ion-exchange membrane was zero. This 
cell was continuously operated. As a result, the electro- 
lytic cell voltage was 2.01 V under the conditions of a 
current density of 30 A/dm 2 , a temperature of 90°C, a 
target caustic soda concentration of 32% NaOH, and an 
oxygen feed rate of 2 times the theoretical amount. The 
. operation could be continued for 40 days without under- 
going fluctuations of voltage. The electrolysis is contin- 
uing. 

EXAMPLE 8 

[0097] -To 2 parts of a hydrophobic carbon black 
(No. 6; average particle diameter, 500 A; trial product; 
manufactured by Denki Kagaku Kogyo K.K.) was added 
20 parts of 20% Triton to disperse the carbon black. 
Thereafter, 1 .2 parts of a PTFE dispersion (D-1 ; manu- 
factured by Daikin Industries, Ltd.) was added and dis- 
persed. This dispersion and acetone as two liquids were 
caused to meet and mix with each other to self -organize 
the dispersion. During the self-organization, the result- 
ant mixture was sprayed to form a gas feed layer having 
a thickness of 400 urn on a 50-mesh silver gauze. 
[0098] Furthermore, silver, 20 parts of 20% Triton 
and 3 parts of a PTFE dispersion (D-1 ; manufactured by 
Daikin Industries, Ltd.) were dispersed in 3 parts of a 
hydrophiiic carbon black (AB-12; average particle diam- 
eter, 400 A; trial product; manufactured by Denki 
Kagaku Kogyo K.K.) and 2 parts of a hydrophobic car- 



bon black (No. 6; average particle diameter, 500 A; trial 
product; manufactured by Denki Kagaku Kogyo K.K.). 
[0099] This dispersion and acetone as two liquids 
were fed. through pipes at the same flow rate and 

5 caused to meet and mix with each other to self-organize 
the dispersion. The resultant mixture was sprayed on 
the gas feed layer in a thickness of 200 jim to form a 
reaction layer For the spraying, nitrogen gas heated to 
120°C was used. The coated sHver gauze was dried at 

10 80°C for 3 hours and treated with an "ethanol extractor 
for 6 hours to remove the surfactant. After drying, the 
coated silver gauze was pressed at 50 kg/cm 2 and 
380°C for 60 seconds to obtain an electrode. Platinum 
was deposited on the reaction layer in an amount of 0.5 

is mg/cm 2 by applying .a chloroplatinic acid solution with 
• suction. 

[0100] The~oxygen-reducing ability of this electrode 
was measured. As a result, the ability was found to be 
as high as 0.82 V (vs. RHE) at 30 A/dm 2 . 
20, [0101] A gas diffusion electrode having platinum 
deposited thereon was simultaneously produced by the 
conventional method' comprising coagulating a disper- 
sion by freezing. As a result however, the performance 
was almost the same or slightly high. 

25 

EXAMPLE 9 ; . . 

[0102] In. 1 liter of an aqueous solution were dis- 
persed 20 g of fine zircon ia particles having an average 

30 . particle diameter of 0.1.5 |im. Thereto were added 35 g 
of silver nitrate, formalin, and caustic soda to thereby 
. reduce the silver nitrate and deposit the resultant silver 
to the fine zirconia particles. To 4 parts' (by weight; the 
same applies hereinafter) of the thus-obtained fine zir- 

35 conia. particles having silver deposited thereon are 
added 1 part of Triton and 9 parts of water. The particles 
are dispersed with an ultrasonic disperser. 
[0103] Subsequently," 1 part of a PTFE dispersion 
(D-1; manufactured by Dajkin industries, Ltd.) is added 

40 thereto, and this mixture is stirred for mixing to prepare 
a reaction layer dispersion. 

[0104] This reaction layer dispersion and ethanol 
are introduced into a mixer, whose outlet is connected 
to the inlet of a spray dryer. The reaction layer disper- 

45 sion is sprayed and dried to obtain a powder. 

[0105] On the other hand, 300 parts of a Triton solu- 
tion having a concentration of 2% and 10 parts of a 
PTFE dispersion (D-1; manufactured by Daikin Indus- 
tries, Ltd.) were dispersed in 18 parts of a hydrophobic 

so carbon black (No. 6; average particle diameter, 500 A; 
trial product; manufactured by Denki Kagaku Kogyo 
K.K.) to obtain a gas feed layer dispersion. This gas 
feed layer dispersion and ethanol were introduced into a 
mixer, whose outlet was connected to trie inlet of a 

55 spray dryer. The resultant mixture was sprayed and 
dried to obtain a powder. 

[0106] These powders each was kneaded together 
with solvent naphtha. The resultant mixtures were 



11 



BNSDOCID: <EP 1055748A1_I_> 



21 



EP 1 055 748 A1 



22 



formed into sheets and superposed on each other by 
the rolling method to obtain a sheet composed of a 
reaction layer and a gas feed layer bonded thereto. The 
surfactant was removed from this sheet with an ethanol 
extractor and the sheet was dried at 80°C for 3 hours. 5 
[0107] The dried sheet was pressed together with a 
silver gauze at a temperature of 380°C and 50 kg/cm 2 . 
for 60 seconds to obtain an electrode. 
[0108] The oxygen-reducing ability of this electrode 
obtained was measured. As a result, the ability was w 
found to be as high as 0.80 V (vs. RHE) at a current 
density of 30 A/dm 2 . 

EXAMPLE 10 „ 

15 

[0109] To 5 parts of a hydrophilic carbon black (AB- 
12; average particle diameter, 400 A; trial product; man- 
ufactured by Denki Kagaku Kogyo K.K.) and 2 parts of a 
hydrophobic carbon black (No. 6; average particle diam- 
eter, .500 A;, trial product; manufactured by Denki 20 
Kagaku Kogyo K.K.) was added 300 parts of a Triton 
solution having a concentration of 2%. These were dis- 
persed with a jet mill. Thereto was added 2 parts of a sil- 
ver colloid (average particle diameter, 0.1 um; trial 
product of Tanaka Kikinzoku Kogyo K.K.). The disper- 25 
sion was stirred together with the silver colloid. Thereto 
.was further added 3 parts of a PTFE dispersion (D-1; 
manufactured by Daikin Industries, Ltd.). This mixture 
was stirred to disperse the PTFE dispersion. 
[0110] This reaction layer dispersion and ethanol 30 
were introduced into a mixer, whose outlet was con- 
nected to the inlet of a spray dryer. The resultant mix- 
ture was sprayed and dried to obtain a powder. 
[011 1] On the other hand, 300 parts of a Triton solu- 
tion having a concentration of 2% and 10 parts of a 35 
PTFE dispersion (D-1; manufactured by Daikin Indus- 
tries, Ltd.) were dispersed in 18 parts of a hydrophobic 
carbon black (No. 6; average particle diameter, 500 A; 
trial product; manufactured by Denki Kagaku Kogyo 
K.K.) to obtain a gas feed layer dispersion. This gas 40. 
feed layer dispersion and ethanol were introduced into a 
mixer, whose outlet was connected to the inlet of a 
spray dryer. The gas feed layer dispersion was sprayed 
and dried to obtain a powder. 

[0112] These powders each was kneaded together 45 
with solvent naphtha. The resultant mixtures were 
formed into sheets and superposed on each other by 
the, rolling method to obtain a sheet composed of a 
reaction layer and a gas feed layer bonded thereto. 
• [0113] After this sheet was dried at 80°C for 3 so 
hours, the surfactant was removed therefrom with an 
ethanol extractor. After drying, the sheet was pressed 
together with a silver gauze at a pressure of 50 kg/cm 
and a temperature of 380°C for 60 seconds to obtain a 
gas diffusion electrode. 55 
[0114] The oxygen-reducing ability of this electrode 
obtained was measured. As a result, the electrode 
showed such a high electrolytic performance that the 



electrolytic voltage was 0.82 V (vs. RHE) at a current 
density of 30 A/dm 2 . 

INDUSTRIAL APPLICABILITY 

[0115] According to the invention, a reaction layer 
material for gas diffusion electrodes which has a larger 
amount of three-phase zone interfaces was obtained by 
dispersing a hydrophobic carbon black to a particle 
diameter almost the same as that of a PTFE dispersion 
and dispersing hydrophilic fine particles to an average 
particle diameter smaller than that of the PTFE disper- 
sion/ When this reaction layer material is used, a gas 
diffusion electrode having exceedingly high perform- 
ance can be produced. 

[01 1 6] In the invention, a hydrophobic carbon black 
as a material for a gas diffusion electrode can be easily 
reduced to a size close to the particle diameter of the 
PTFE dispersion by dispersing the carbon black with a 
jet mill. Consequently, a high-performance gas diffusion 
electrode having an increased amount of three-phase 
zone interfaces can be obtained. 
[0117] Moreover, by incorporating hydrophilic parti- 
cles stable in a pressing step into the reaction layer 
material beforehand, fine silver particles can be pre- 
vented from sintering in the pressing step in electrode 
production. Thus, a high-performance electrode can be 
obtained. 

[0118] According to the invention, a gas diffusion 
electrode which is inexpensive and has high perform- 
ance and a long life can be produced through simple 
electrode production operations. 
[01 1 9] Furthermore, according to the means of the 
invention for producing a gas diffusion electrode mate- 
rial powder through spraying, a dispersion such as a 
reaction layer dispersion can be directly sprayed. Con- 
sequently, a reaction layer material powder and/or a gas 
feed layer material powder for gas diffusion electrodes 
can be easily produced. The steps were simplified and 
the productivity was improved. The steps of this produc- 
tion process are neither complicated nor delicate, and a 
reduction in the period required for production can be 
attained. The process is especially suitable for the case 
where a reaction layer powder is obtained using a silver 
colloid, which requires a prolonged filtration time. 
[0120] In the invention, a coating layer of a reaction 
layer material or gas feed layer material dispersion 
which has been serf-organized with a serf -organizing 
agent is obtained through a simple operation, i.e., mere 
spraying. Consequently, a reaction layer and/or a gas 
feed layer which each is homogeneous and has high 
activity and high strength can be obtained. The elec- 
trode production steps were simplified and the produc- 
tivity was increased. 

Claims 

1. A reaction layer material for a gas diffusion elec- 
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trade, which is obtained by 

mixing a polytetrafluoroethylene dispersion 
with a surfactant-containing aqueous solution 
containing hydrophilic fine particles and a 
hydrophobic carbon black, each dispersed 
therein satisfying the relationships: 0.5 < D < 2 
and r s < 2r p , wherein D = r^ , r s represents 
the average particle diameter of the hydrophilic 
fine particles dispersed in the surfactant-con- 
taining aqueous solution, r c represents the 
average particle diameter of the hydrophobic 
carbon black dispersed in the surfactant-con- 
taining aqueous solution, and r p represents the 
average particle diameter of polytetrafluoroeth- 
ylene fine particles in the polytetrafluoroethyl- 
ene dispersion to be used; and then 
adding a self -organizing agent to the mixture 
and mixing therewith. 

2. A process for producing a reaction layer material for 
a gas diffusion electrode, which comprises, for dis- 
persing a hydrophobic carbon black and/or 
hydrophilic fine particles and a polytetrafluoroethyl- 
ene dispersion with a surfactant-containing aque- 
ous solution: 

mixing a hydrophobic carbon black and/or 
hydrophilic fine particles with a surfactant-con- 
taining aqueous solution to be dispersed 
therein satisfying the relationships: 0.5 < D < 2 
and r s < 2rp, wherein D = r c /r p , r s represents 
the average particle diameter of the hydrophilic 
fine particles dispersed in the surfactant-con- 
taining aqueous solution, r c represents the 
average particle diameter of the hydrophobic 
carbon black dispersed in the surfactant-con- 
taining aqueous solution, and r p represents the 
average particle diameter of polytetrafluoroeth- 
ylene fine particles in the polytetrafluoroethyl- 
ene dispersion to be used; 
mixing the resultant dispersion with the poly- 
tetrafluoroethylene dispersion having the aver- 
age particle diameter r p ; and then 
adding a self -organizing agent to the mixture 
and mixing therewith. 

3. The process for producing a reaction layer material 
for a gas diffusion electrode according to claim 1 or 

. 2, wherein the hydrophobic carbon black is added 
to the surfactant-containing aqueous solution and 
dispersed therein so as to have an average particle 
diameter thereof of 2 to 0.2 urn, and thereafter a 
dispersion of the hydrophilic fine particles and the 
polytetrafluoroethylene dispersion are added to the 
resultant dispersion to be mixed therewith, and fur- 
ther the self-organizing agent is added to the mix- 
ture to be mixed therewith. 



4. The process for producing a reaction layer material 
fora gas diffusion electrode according to claim 1 or 
2, wherein the hydrophilic fine particles are added 
to the surfactant-containing aqueous solution and 

5 dispersed therein so as to have an average particle 
diameter thereof of 2 to 0.2 urn, and thereafter the 
polytetrafluoroethylene dispersion is added to the 
resultant dispersion to be mixed therewith, and fur- 
ther the self-organizing agent is added to the mix- 

7*o ture to be mixed therewith. : 

5. The process for producing a reaction layer material 
for gas diffusion electrodes of claim 1 or 2, wherein 
the hydrophobic carbon black is added to the sur- 

15 factant-containing aqueous solution and dispersed 
therein using a jet mill so as to have an average 
" particle diameter thereof of 2 to'0.2 urn, and there- 
after a colloidal silver dispersion is added to the 
resultant dispersion to be mixed therewith, subse- 
20 quently hydrophilic fine particles other than silver 
are added to the mixture to be mixed therewith, and 
further the self-organizing agent is added to the 

mixture to be mixed therewith. 

i i ... 

25 6. A process for producing a reaction layer material 
powder for a gas diffusion electrode, which com- 
prises spray-drying a reaction layer material for a 
gas diffusion electrode as obtained by a process 
according to any one of claims 2 to 5. 

30 

7. A process for producing a reaction layer material for 
a gas diffusion electrode, which comprises: 

adding a hydrophobic carbon black to a sur- 
35 factant-containing aqueous solution and dis- 

persing the hydrophobic carbon black therein 
so as to have an average particle diameter 
thereof of 2 to 0.2 juun; - 

adding a dispersion of hydrophilic fine particles 
40 and a polytetrafluoroethylene dispersion to the 

' resultant dispersion and mixing therewith; and 
adding a self-organizing agent to the mixture 
and mixing therewith. 

45 8. A process for producing a reaction layer material for 
a gas diffusion electrode, which comprises: 

adding hydrophilic fine particles to a surfactant- 
containing aqueous solution and dispersing the 
so hydrophilic fine particles therein so as to have 

an average particle diameter thereof of 2 to 0.2 

urn; '*■'-. 
adding a polytetrafluoroethylene dispersion to 
the resultant dispersion and mixing therewith; 
55 and- 

adding a self-organizing agent to the mixture 
annd mixing therewith. 
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9. A process for producing a gas diffusion electrode, 
which comprises: 

feeding two fluids through pipes, one of the flu- 
ids being a dispersion containing hydrophilic 5 
fine particles having a primary-particle diame- 
ter of 0.5 ujti or smaller, hydrophobic carbon 
black fine particles having a primary-particle 
diameter of 0.5 jam or smaller, a surfactant and 
polytetrafluoroethylene fine particles having a 10 
primary-particle diameter of 0.5 ujti or smaller, 
and the other fluid being a liquid for self -organ- 
ization; 

causing the two fulids to meet and mix with 
each other; and is 
spraying the mixture to form a coated film to 
thereby form a reaction layer. 

10. A process for producing a gas diffusion electrode, 
which comprises: 20 

feeding two fluids through pipes, one of the flu- 
ids being a dispersion containing hydrophobic 
carbon black fine particles having a primary- 
particle diameter of 0.5 |im or smaller, a sur- 25 
factant and polytetrafluoroethylene fine parti- 
cles having a primary-particle diameter of 0.5 
jim or smaller, and the other fluid being a liquid 
for self-organization; 

causing the two fulids to meet and mix with 30 
each other; and 

spraying the mixture to form a coated film to 
thereby form a reaction layer. 
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